Abstract Acupuncture has been used for millennia in traditional Chinese medicine as a technique believed to restore the balance of energy in the body caused by disease through the use of needles inserted into specific points or energy channels. This energy is called the de qi. The use of acupuncture for the treatment of pain in musculoskeletal disorders is increasing. Some patients seek alternative therapies because of lack of improvement with conventional treatments. The potential physiological effects of acupuncture on pain relief have been attributed to biochemical processes, such as the release of endorphins into the limbic structures, subcortical areas and brain stem, mechanisms that are also present in placebo-induced analgesia. In addition, pain relief with acupuncture is also associated with patient expectations, beliefs, and interactions with their acupuncturists. In this review, we summarize the latest evidence on the treatment of musculoskeletal conditions including rheumatoid arthritis, fibromyalgia, neck pain, shoulder pain, low back pain, and knee pain with traditional Chinese acupuncture (TCA), electroacupuncture (EA), and the use of moxibustion. Acupuncture is relatively safe, but there are still reports of serious and fatal side effects that must be taken into account when recommending this therapy. Many of the latest trials assessing the benefits of acupuncture in rheumatic diseases found that acupuncture was not better than sham acupuncture, implying that the analgesic effects observed are related to a strong placebo response. While the literature on this topic is extensive, many of the studies lack methodological rigor, and additional large, well-controlled, high quality trials are still needed to determine if acupuncture might be useful in the treatment of chronic rheumatic diseases.
Introduction
Acupuncture was developed in ancient China, with pictographs dating from the Shang Dynasty (1600-1100 BC) which suggest that it was already practiced at that time [1] . Its first written description appears in the Yellow's Emperor's Classic of Medicine 200 BC. In traditional Chinese medicine (TCM), health is seen as the result of the balance of energy, called qi, in the body. When this energy is imbalanced, health is compromised and disease occurs. It is believed that qi flows through channels or meridians and that the insertion of needles along these meridians (acupuncture) restores the energy balance, hence the health, to the individual [2] . When performing traditional Chinese acupuncture (TCA), the acupuncturist inserts hair thin needles into specific acupuncture points along meridians specific for each condition. Manual stimulation is then performed in an attempt to have the patient feel de qi, a sensation of tingling, numbness, heaviness, and/or mild soreness. In TCM, eliciting a positive de qi response indicates that location of the appropriate energy channel has been successful. Once de qi is found, the needles are left in place between 20 and 40 min. De qi might be elicited more than once in each point during an acupuncture session [3] . The use of electroacupuncture (EA), a technique increasingly being adopted by traditional acupuncturists, aims to increase the de qi sensation. Moxibustion is another technique that has been used in conjunction with acupuncture in TCM, using moxa or mugwort herb (Artemisa vulgaris). In moxibustion, sticks of moxa can be applied directly on the skin or with acupuncture needles along meridian points, and are burnt to warm the area and stimulate blood flow and qi.
Acupuncture is increasingly being used as a complementary therapy in the Western world. In 2002, the National Health Interview Survey found that 4.1 % of the respondents reported using acupuncture in their lifetime, suggesting, by extrapolation, that 8 million Americans had used this therapy (2 million in the previous year). Back pain was the most common reason for its use (34 %), followed by joint pain (16 %) and neck pain (13.6 %); conditions such as arthritis, gout, lupus and fibromyalgia were grouped together and represented 6.5 % of acupuncture use. Participants were asked if they felt that acupuncture helped with their condition: 46.3 % stated that acupuncture "helped a great deal", 25.8 % had "some help" , 14.6 % had "only a little help", and 13.4 % felt that acupuncture did "not help at all" [4] , which demonstrates that most people receiving acupuncture believe it has been effective for them. In 2007, the National Health Interview Survey [5] estimated that 4 out of 10 adults in the United States used complementary and alternative medicine. Compared to 2002 [4] , the use of acupuncture increased by 31 %.
While acupuncture in TCM has been used for the treatment of many disorders, in this review we examine its use for pain relief in musculoskeletal diseases, which are mostly chronic. We conducted a literature search in Medline, EMBASE, and Cochrane Library of articles in English, French, German, and Spanish, published between January 2007 and July 2012, on the most recent evidence on the use of acupuncture in rheumatic conditions including rheumatoid arthritis (RA), fibromyalgia, neck pain, shoulder pain, low back pain, and knee pain. We review below some of the methodological issues related to the robustness of the acupuncture literature, potential safety concerns, mechanistic pathways of acupuncture-induced analgesia, and current data on the specific conditions listed above.
The Clinical Effects of Acupuncture: Methodological Considerations Many randomized controlled trials (RCT) evaluating acupuncture have insufficient methodological quality [6, 7•, 8-11] . A major challenge in these studies is the choice of an adequate placebo control [12, 13] . A common control procedure has been the use of sham acupuncture where needles are inserted on either meridians not specific for the condition under study, or in areas outside meridians; often this is coupled with a more superficial needle insertion than is performed in the true acupuncture group. However, there is concern that this technique may not be physiologically inert, and that even the most superficial needling on nonmeridian points could cause a chemical and physiological reaction in subjects similar or identical to that of true acupuncture [14] . A different acupuncture placebo modality includes the use Streitberger needles [15] , which are retractable, and although they attach to the skin they do not penetrate it. It has been suggested that even just touching the skin might provide a stimulus and therefore not be an inert action [16] . Another common critique to the Streitberger needle is that patients might be able to discern that they are in a placebo group because of lack of sensation. This is particularly true for those patients who had acupuncture in the past and can recognize a de qi sensation which is not likely to happen with retractable needles. This is one reason patients with previous acupuncture therapy are excluded from most acupuncture trials. Some acupuncture trials include 3 arms: real acupuncture, sham/placebo acupuncture, and standard medical care or control group with waiting list [16] . In many trials, a benefit of acupuncture over the standard care control group is observed, but no differences are observed when compared to the sham acupuncture group, raising doubts as to whether the effect of acupuncture is no more than placebo, or if the sham procedure has a physiological effect that is indistinguishable from true acupuncture, and therefore therapeutically active [17] .
Healthcare encounters are complex and rely on multiple components including the therapeutic ritual, patients' and providers' beliefs, attitudes, preferences and expectations which can result in positive effects, even when patients are given an inert intervention (placebo) [18] . Linde et al. conducted a meta-analysis of 37 RCTs evaluating acupuncture and compared sham acupuncture to no acupuncture (nonspecific effect) and sham acupuncture to real acupuncture (specific effect). Sham acupuncture was more effective than no acupuncture, and real acupuncture was more effective than sham acupuncture. Interestingly, the effect size was larger for the non-specific effects than the specific ones, suggesting that a large component of the response to acupuncture is due to these non-specific effects, possibly placebo. Overall, the meta-analysis only found a small to moderate specific effect of acupuncture over sham, and trials with large sample sizes and low risk of bias yielded less positive results.
A few experimental studies have evaluated the role of the communication between recipients of acupuncture and their acupuncturists, and the resulting expectations, on the response to therapy. In one RCT [19••] , traditional acupuncture with electrostimulatiton was compared to sham acupuncture in patients with knee osteoarthritis (OA) while experimentally manipulating the communication styles of the acupuncturists. While no differences were observed between the true acupuncture and sham control groups, patients who interacted with acupuncturists who delivered high expectations statements (e.g., "I think this will work for you") had less pain and increased satisfaction at the end of the study than those who interacted with acupuncturists delivering neutral expectations (e.g., "It may or may not work for you"). Traditional acupuncture was not more effective than the use of superficial sham acupuncture in non-meridian points, but the acupuncturists' communication style had a significant effect on pain reduction and satisfaction, suggesting that these effects mediate placebo responses [19••] .
A meta-analysis [20] of four acupuncture trials for different conditions that measured expectations showed a significant association between higher outcome expectations and subsequent improvement. Unfortunately, most RCTs of acupuncture have not controlled or adjusted for the effect of communication style of acupuncturists, which can create expectations of benefit that can clearly result in improved outcomes in patients receiving more positive communication about potential therapeutic effects.
Safety of Acupuncture
While there is a perception that acupuncture is generally safe, in a recent review by Ernst [21• •] of acupuncture trials published from 2000 until 2009, including a total of 57 systematic reviews without language restriction, serious adverse events were reported: 95 cases were found in the categories of trauma, infection, and other causes. Thirtyeight cases of infection were found; bacterial infections were the most common and responded well to antibiotics. Forty-two cases of organ trauma were found. The most common traumatic complication was pneumothorax. Most patients recovered but 4 patients died due to pneumothorax. A total of 5 patients from different age groups were reported as dead, although they had consulted their acupuncturist for minor complaints. In another review, Ernst and Zhang [22] found that 26 cases of cardiac tamponade secondary to acupuncture have been reported in the literature up to January 2010 and that in 14 cases, this complication was fatal. So although acupuncture is often considered without risk to patient safety, it is important to recognize that serious adverse events, including death, can occur, and moreover, that these events might be underreported [22] .
Analgesic Effects of Acupuncture Different hypotheses have been proposed to explain the analgesic effects of acupuncture on the basis of animal and human studies. These effects are complex and likely the result of the interplay between neurochemical, physiologic, and psychologic factors related to patients' expectations of benefit [19••, 23-35] . Moreover, many of the findings observed in mechanistic studies of acupuncture have also been reported as effects of the placebo response.
There is evidence supporting the role of endogenous opioids (encephalin, dynorphin, β-endorphin, and endomorphin) and serotonin (5-HT) in acupuncture-mediated analgesia. Mayer et al. [23] and Pomeranz et al. [24] showed that acupuncture-induced analgesia is blocked by naloxone in mice and in humans, supporting the role of endogenous opioids.
Functional brain studies demonstrate activation of structures in the brain and brain stem involved in pain pathways with acupuncture needling, and many also show similar patterns, sometimes with lower intensity with sham procedures, such as superficial needle penetration, non-meridian needling, or use of retractable needles (which attach to the skin but do not penetrate it). Studies with positron emission tomography (PET) have shown increments in the binding of μ opioids to receptors in the brain after several days of acupuncture [25] . With acupuncture treatment, functional magnetic resonance imaging (fMRI) demonstrates activation of the basal anterior brain, limbic system, and other areas of the brain related to affective and somatosensory functions [26] .
Expectations and patient's beliefs play a significant role in the modulation of pain perception [27, 35] . Pariente et al. [27] studied the response of the brain to needling with real acupuncture, placebo sham acupuncture (retractable needle), and skin prick (overt placebo group with patients being told this was an inert intervention) in a single-blind randomized crossover design, including 14 patients with osteoarthritis which also examined the effects of patients' expectations. Patients experienced only mild relief of their pain during real acupuncture and placebo acupuncture, but no relief with the overt placebo. PET scans showed a higher degree of activation in the insula ipsilateral to the stimulated side during real acupuncture than with sham acupuncture. Interestingly, they also noticed that, when patients expected they would receive real acupuncture, the dorsolateral prefrontal cortex, the rostral anterior cingulated cortex, and the midbrain were activated; these areas are involved in pain modulation and reward expectation. When assessing the retractable needle group in comparison to the overt placebo group (no expectations of improvement), there was also activation of the dorsolateral prefrontal cortex, the rostral anterior cingulated cortex, and midbrain, implying that placebo responses participate in acupuncture-induced analgesia, painful stimuli, and the anticipation of pain, and can activate the dorsolateral prefrontal cortex, resulting in pain relief possibly by activating the opioid system in the midbrain as a "top-down effect" [28, 29] . The activation of the rostral anterior cingulate cortex which is linked to pain perception could also modulate the experience of pain through dopaminergic pathways involved in expectation and reward effects [30] . These effects have also been shown to play a role in placebo-induced and opioid-induced analgesia [29, 31] .
In an experimentally-induced pain study, Kong et al. [35] compared the analgesic effects of verum and sham acupuncture in subjects conditioned to either positive or neutral expectations of analgesia. They found that for subjects with high expectations, the magnitude of the analgesic response was similar in verum and sham groups. However, the expected fMRI signal decreased in the brain seen with analgesia was more extensive in those subjects receiving verum compared to those who received sham.
As can be seen, the potential effects of acupuncture on pain are complex and often difficult to separate from placebo responses. Better quality RCTs including various control groups, and incorporating neurochemical and neurofunctional studies, are needed to further elucidate and quantify the specific analgesic effects of acupuncture.
The Efficacy of Acupuncture for Specific Rheumatic Conditions
In the following sections, we review the latest evidence for efficacy of acupuncture in selected rheumatic disorders. We describe the results of the available systematic reviews and, in addition, any other recent RCTs.
Rheumatoid Arthritis
The evidence for the efficacy of acupuncture in the treatment of RA is sparse and inconclusive. A few systematic reviews have been published evaluating RCTs of acupuncture in RA patients. A 2005 [10] Cochrane review included 2 RCTs [36, 37] examining the effects of TCA and EA on disease activity in 84 patients with RA. There was no statistically significant benefit of acupuncture compared to the control intervention on pain, patient global assessment, number of swollen or tender joints, and erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP) levels. The conclusions were limited because of the poor methodological quality of the studies and small sample size.
In a more recent review, Lee et al. [38] included 8 RCTs of patients with RA treated with acupuncture with or without electrical stimulation or moxibustion. Five trials were from China and one each from Canada, Brazil, and the United Kingdom [36, 37, [39] [40] [41] [42] [43] [44] . Two trials used penetrating sham acupuncture in non-acupuncture points [36, 39] , one trial used sham acupuncture in acupuncture points [38] , one used non-penetrating acupuncture on acupuncture points [37] , and conventional drug comparators were used in 4 trials [41] [42] [43] [44] . The trials were heterogeneous and not all of them were double-blinded [36, 39, 40] . Drop-outs according to group allocation were only provided in 3 RCTs [36, 39, 40] . None of the RCTs reported whether they had succeeded in blinding the patients. Overall, no statistically significant differences were observed between TCA, EA, or moxibustion, and the control interventions. Most of the positive trials were conducted in China, and it has been shown that many of the Chinese trials evaluating acupuncture have poor methodological quality [45] . Another systematic review which included the same studies also failed to show a benefit of acupuncture in any modality when compared to control groups [46] .
At this time, the use of acupuncture in RA is not supported by the evidence available. The published RCTs were underpowered, and their methodological quality was not optimal.
Fibromyalgia
After osteoarthritis, fibromyalgia is the second most common rheumatological condition in the United States (US) affecting between 2 and 4 % of the population [47] . A 12-week doubleblinded RCT in 100 patients with fibromyalgia [48] compared TCA with 3 control interventions: TCA for an unrelated condition; sham acupuncture in non-specific acupuncture points; and non-penetrating needling. The primary outcome was pain using a visual analogue scale (VAS) at 1, 4, 8, 12 weeks, 3 and 6 months after treatment. No statistically significant differences were found among groups.
A 2007 systematic review [49] pooled data from 5 RCTs which evaluated acupuncture as a co-intervention along with conventional therapy in 316 patients with fibromyalgia. Three RCTs were found to have positive results [50] [51] [52] including 2 of the better quality studies [50, 51] . EA was used in 2 trials [50, 52] while TCA was used in 3 trials [51, 53, 54] . Although pain scores improved, this effect lasted less than 6 weeks in one trial [50] but up to 7 months in the other [51] . The other 2 RCTs showed no benefit of acupuncture over sham acupuncture [53] or over the control group [54] .
A more recent review in 2010 [55] included 7 RCTs [25, 50, 51, 53, 54, 56, 57] with 385 patients and the median number of treatment courses was 9 (range 6−25). The outcomes analyzed were pain, fatigue, sleep disturbances, physical function, and adverse events. A small analgesic effect was found with acupuncture treatment but it was not maintained at follow-up (on average at week 26). A subgroup analysis found that the significant decrease in pain occurred more frequently in RCTs where individualized TCA and EA were used. There was no difference in the results when stratified according to the use of penetrating versus non-penetrating sham acupuncture.
Most RCTs finding beneficial results had small sizes and unclear or high risk of bias (inappropriate randomization or concealment of allocation or blinding). The studies with less bias reported no difference in pain between active and control groups. There was no evidence to support efficacy for other outcomes including fatigue, sleep disturbances, or physical function. Given these results, there is insufficient evidence to recommend acupuncture for the treatment of fibromyalgia.
Neck Pain
A recent National Health Interview Survey estimated that 38 % of individuals with chronic neck pain in the United States used complementary and alternative medicine including acupuncture [4, 5] . Even though the use of acupuncture for neck pain has increased over the years, its efficacy remains to be proved [4, 5] .
A 2010 Cochrane review examined the efficacy of acupuncture for chronic neck pain [8] . The review included 10 trials [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] with a total of 661 patients. There was a moderate statistically significant improvement of pain in patients receiving acupuncture compared to those in the sham interventions and waiting list group [pooled standardized mean difference (SMD) -0.37, 95 % confidence interval (CI) -0.61 to −0.12]. Moderate evidence of benefit was also found for acupuncture in the treatment of patients with chronic neck disorders with radicular symptoms when compared to waiting list control at short-term follow-up (less than 3 months). Based on this review, there was some evidence of efficacy with acupuncture for chronic neck pain in the short term.
A recently published systematic review [69] included 29 high quality RTCs with a total of 17,922 patients with neck or back pain, shoulder pain, osteoarthritis, and chronic headache from the United States, United Kingdom, Germany, Spain, and Sweden. This review, however, excluded many of the trials included in the meta-analysis described above. For nonspecific musculoskeletal pain (neck or back) the effect size when comparing acupuncture versus sham acupuncture was 0.37 (95 % CI, 0.27−0.46), suggesting modest efficacy of acupuncture for the treatment of neck and back pain.
Shoulder Pain
Shoulder pain is a common complaint in primary care settings. Prevalence studies indicate that 16−34 % of the general population has suffered from shoulder pain [68] . A 2008 Cochrane review [9] included 9 trials evaluating acupuncture for shoulder pain [70] [71] [72] [73] [74] [75] [76] [77] [78] . The description of the interventions was poor in most of the studies. For rotator cuff disease, there was no significant difference between active groups or placebo. For shoulder function, a statistically significant improvement of 17.3 (95 % CI 7.79−26.81) was observed in the 100-point Constant Murley scale after 4 weeks of treatment in patients treated with acupuncture compared to controls. Results were no longer significant by month 4. Based on this review, the authors concluded that there was not enough evidence to either recommend or refute acupuncture for chronic (more than 3 weeks duration) shoulder pain, and that better quality RCTs were needed.
Published after the Cochrane review [79] , the German Randomized Acupuncture Trial for chronic shoulder pain (GRASP) trial, evaluated 424 patients with chronic shoulder pain (more than 6 weeks) with a VAS pain score of more than 50 mm. Participants were randomly assigned to TCA, sham acupuncture (superficial needling in non-acupuncture points), or conservative treatment (physiotherapy, physical exercise, heat and cold therapy, and TENS). Patients in the acupuncture and sham groups were blinded to treatment; they received 15 treatments over 6 weeks. The primary outcome was 50 % improvement in VAS pain score after the completion of treatment and 3 months later. A statistically significant difference was found in all outcomes. At completion of treatment, the percentages of responders were: for TCA 68 % (95 % CI 58-77 %), for sham 40 % (95 % CI 27-53 %), and for the conservative treatment 28 % (95 % CI 14-42 %). After 3 months, these percentages were, respectively, 65, 24, and 37 %. TCA was statistically significantly superior to sham and conservative treatment (p<0.01). This study had some limitations; the success of blinding in the acupuncture groups was not reported. In addition, by 3 months, 27 % of the patients were lost to follow-up. While the results of this last trial may be promising, the prior Cochrane systematic review including 9 trials did not show clear efficacy.
The more recent meta-analysis mentioned in the neck pain section [69] pooled data from only 3 RCTs (versus 10 in the Cochrane review) including this last German trial [79] , and found a statistically significant difference between acupuncture for the treatment of chronic shoulder pain (more than 4 weeks duration): 0.62 (95 % CI, 0.46−0.77).
Low Back Pain
Back pain is the most common reason in the United States to visit an acupuncturist [80] . Figure 1 shows the most common acupuncture points used for treatment of low back pain (in red; for knee pain in blue). Most episodes of back pain resolve on their own, but up to 7 % of patients develop pain that lasts more than 6 weeks [81] . Acupuncture for the treatment of low back pain has been reviewed more extensively than for any other musculoskeletal disorders. A 2005 meta-analysis [82] of 22 RCTs in patients with chronic low back pain (more than 3 months) showed a small but statistically significant difference in pain scores in short-and longer-term follow-up (6 weeks on average) when comparing TCA with sham acupuncture, sham TENS, or placebo controls. However, acupuncture was not better than active controls receiving standard therapy or other physical therapies such as manipulation or massage.
The 2007 German Acupuncture Trials for Chronic Low Back pain (GERAC) [83] included 1,162 patients randomly assigned to TCA (10 sessions with up to 5 more sessions if a partial response was attained were offered), sham acupuncture (superficial needling at non-acupuncture points), and guideline-based conventional therapy. After 6 months, there was a statistically significant response in both the TCA and sham groups compared to guideline-based conventional therapy (response rate with TCA 47.6 %, sham 44.2 %, and with conventional therapy 27.4 %).
A 2008 meta-analysis [84] found similar results with no differences between TCA and sham groups in pain scores, but both improving more than controls. A subsequent 2011 Cochrane review [11] including 35 RCTs found some evidence of efficacy of acupuncture in decreasing pain and improving function in the short term at the end of treatment when comparing it to sham or to conventional therapy. There was also limited evidence supporting that acupuncture in conjunction with conventional therapy was better than conventional therapy alone. However, acupuncture was not better than sham interventions or conventional therapy in the longer term.
Knee Osteoarthritis
In the latest decade, the incidence of knee pain has increased, affecting more than 25 % of patients 55 years or older [85] . Knee osteoarthritis is also a common reason for patients to seek care from acupuncturists [4] . Most research on acupuncture for knee osteoarthritis has been performed in Fig. 1 Schematic representation of acupuncture of the more common low back pain points used and some of the more common knee pain points used. Knee points in blue. ST Stomach meridian, GB gall bladder meridian, BL bladder meridian, KI kidney meridian; SP spleen meridian, UB urinary bladder. These points were obtained as an approximated reference of the most common acupuncture points from the Chinese Acupuncture and Moxibustion [91] and from Acupuncture: A Comprehensive Text [92] . Low back pain points in red. These points were adapted as an approximated reference of the most common acupuncture points used for low back pain from Cheng [93] in Chinese acupuncture and moxibustion Germany [86] [87] [88] . The available evidence has been summarized in various meta-analyses.
A 2007 meta-analysis of 9 RCTs [89] reported that patients receiving acupuncture had similar pain and function outcomes to those receiving sham acupuncture, but improved significantly more than those in the waiting list control group. Another 2007 meta-analysis by different authors [85] included 13 RCTs with 1,334 patients and compared patients receiving acupuncture with those receiving sham acupuncture, with control groups receiving usual care, or with other groups receiving an active intervention. The authors reported that "adequate TCA" was significantly better in improving outcomes, including WOMAC scores for both pain and function, than "true sham" or other control interventions. "Adequate TCA" was defined an acupuncture technique consisting of at least 6 treatments, at least 1 per week, with needle placement in at least 4 points for each painful knee during 20 min, and either achieving de qi or using EA with sufficient intensity to produce sensation. "True sham" was defined as any sham procedure that did not stimulate nerves in the same neurological segments in the knee joint, even if it included superficial needle penetration which was felt to be an active treatment.
A 2010 Cochrane review assessed the efficacy of acupuncture in patients with osteoarthritis of the knee, hip, or hand [7•] including 3,438 patients, and found a statistically significant difference in pain decrease favoring acupuncture over the sham control. However, these pooled short-term results did not meet the predefined scores for clinical relevance and there was substantial statistical heterogeneity in the studies. The review concluded that there might be small benefits of acupuncture compared to sham interventions, but that they do not have a sufficient clinical relevance or impact. This small benefit might be secondary to placebo and inadequate blinding in some trials.
An additional trial on 560 patients with osteoarthritis of the knee that we described in the section on expectations found no differences between acupuncture and sham acupuncture, but both groups significantly improved compared to waiting list participants [19••] . At least part of the benefit observed in both the active and sham groups was mediated through the acupuncturists' communication style providing positive versus neutral expectations of improvement.
The recent meta-analysis by Vickers et al. [69] included 5 RCTs of patients with osteoarthritis, mainly of the knee, but also excluded many other trials included in other systematic reviews. The authors found a statistically significant effect when comparing acupuncture versus sham acupuncture of 0.26 (95 % CI, 0.17−0.34). This effect size was very small and may not be clinically significant given that a common threshold for clinical significance is an effect size of 0.3 or greater. Therefore, the potential beneficial action of acupuncture on osteoarthritis pain does not appear to be clinically relevant.
Conclusions
Acupuncture has become a widely accepted intervention for many conditions that involve pain, including multiple musculoskeletal disorders as shown in this review, and in many others available in the literature [2, 3] . Many theories have been proposed to explain the biochemical and physiologic effects of acupuncture in pain pathways [4, 5, 27, 35] .
Various methodological issues need to be considered when evaluating the evidence related to acupuncture treatment for pain including the design of the study, appropriate blinding, allocation and randomization, the non-specific effects of this modality of alternative therapy, patient's beliefs and expectations, and provider's behavior [16-18, 19••, 20, 27, 35, 90] . Acupuncture is relatively safe but there are still reports of serious and fatal side effects that must be taken into account when recommending this therapy to our patients [21••, 22] .
Many of the recent trials which report that acupuncture is not better than sham interventions suggest that the effects of acupuncture are related to a strong placebo response. However, many authors believe that even minimal stimulation, as elicited with sham procedures, could result in analgesia. With the evolving advances in neurosciences, welldesigned high quality RCTs including neurochemical and functional evaluations of the brain will be crucial in our understanding of whether the analgesic effects of acupuncture are specific to this treatment and not simply a placebo response enhanced by patients' expectations.
